Conference Programme
In an Olympic year, it is a great pleasure to welcome you to the 13 th International Conference on Greenhouse Gas Control Technologies (GHGT), which is hosted in the "Olympic Capital of the World", Lausanne, Switzerland. The two yearly GHGT conferences are now a well-established event in the international research community's calendar. It has become the international event to present and hear about new research, new technical developments and demonstration project updates in the field of CO 2 Capture and Storage (CCS).
Since the conference series first commenced in 1992 the field of greenhouse gas mitigation has come a very long way. We are now looking back on 20 years of operational experience on the first CCS demonstration project, Sleipner in Norway. Projects like the Carbon Capture Project, a consortium of major energy companies working together to advance the deployment of industrial-scale CO 2 capture and storage in the oil and gas sector have been in existence for 16 years. We ourselves, the IEA Greenhouse Gas Programme, the owners of the GHGT conference series are in our 25 th year of operation. The IPCC Special Report issued in 2005 was a major milestone taking CCS from the research area to be accepted as a main stream mitigation technology. In 2015 the knowledge base in the IPCC SRCCS was updated with 10 more years of experience in a Special Issue of the International Journal of Greenhouse Gas Control. In 2014 we saw the deployment of CCS in the power sector in Saskatchewan, Canada. The conference series has therefore charted the considerable progress of CCS through it conferences and the research papers published in its proceedings.
Late last year we had the Paris Agreement that aspires to cut the temperature target to well below 2 degrees centigrade. The UNFCCC's 5th Assessment Report showed that getting to 2 degrees centigrade required CCS. There is growing recognition that to go below that target can only mean a greater need for the deployment of CCS on fossil fuels and increasing need for negative emissions technologies such as BIOCCS.
We hope the 13 th conference will once again provide policy makers and governments alike with further confidence that CCS is a commercial technology that is ready for deployment and that CO 2 storage is both safe and secure. On behalf of the GHGT-13 Steering Committee, we look forward to welcoming you to Lausanne, Switzerland!
MEET THE ORGANISERS
The IEA Greenhouse Gas R&D Programme (IEAGHG) is an international collaborative research programme established in 1991 as an Implementing Agreement under the International Energy Agency (IEA).
The primary role of IEAGHG is to be an informed source of impartial information on greenhouse gas mitigation options. This is achieved by the instigation and management of research studies, technological evaluations, and maintenance of a series of international research networks that serve as a platform for academics, researchers, and industrial parties to share information and experiences and to discuss new developments.
IEAGHG studies and evaluates technologies that can reduce greenhouse gas emissions derived from the use of fossil fuels. The programme aims to provide its members with definitive information on the role that technology can take in reducing greenhouse gas emissions.
IEAGHG takes pride in being an informed but unbiased source of technical information on greenhouse gas mitigation.
The programme's main activities are:
• To evaluate technologies aimed at reducing greenhouse gas emissions.
• To help facilitate the implementation of potential mitigation options.
• To disseminate the data and results from evaluation studies.
• To help facilitate international collaborative research, development, and demonstration activities (R,D&D).
The Swiss Federal Office of Energy (SFOE) is the federal office responsible for all questions relating to energy supply and energy use within the Federal Department of the Environment, Transport, Energy and Communications DETEC of Switzerland. The SFOE pursues the following objectives:
• It creates the necessary conditions for ensuring a sufficient, well diversified and secure energy supply that is both economical and ecologically sustainable.
• It imposes high safety standards in the areas of production, transportation and distribution of energy.
• It sets out to promote efficient energy use, increase the proportion of renewable energy in the overall energy mix and reduce the level of CO 2 emissions.
• It promotes and co-ordinates energy research and supports the development of new markets for the sustainable supply and use of energy.
For Switzerland Carbon Capture and Storage is an important option to mitigate climate change. On the one hand, Switzerland's industry is a technology and original equipment provider for carbon capture and storage in addition to utilising CO 2 . On the other hand, Switzerland's research and development community is actively engaged in developing novel concepts and applications for CO 2 capture, utilization as well as CO 2 storage.
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The Swiss Federal Institute of Technology (EPFL), with more than 300 laboratories and research groups on campus, is one of the Europe's most innovative and productive technology institutes. At EPFL the emphasis is on both theoretical and applied research.
The research areas developed at the EPFL are the forefront of study of new methods and technologies to reduce the anthropogenic effects on earth climate.
SOIL MECHANICS LABORATORY CHAIR "GAZ NATUREL" PETROSVIBRI
The Laboratory of Soil Mechanics (LMS) at the EPFL focuses its research work on very timely topics such as nuclear waste storage, geothermal resources, unconventional energy sources, and greenhouse gas control technologies. Thanks to the sponsorship of Petrosvibri SA, it has been established at the LMS the Chair "Gaz Naturel", the research purpose of which is to evaluate the impact of CO 2 storage in deep geological formation through the characterization of the thermo-hydro-chemo-mechanical behaviour of possible host and cap rocks in contact with water, brine, supercritical and liquid CO 2 .
The main goal of the research activities performed at LMS is to permanently transfer the scientific and technological developments to education and industry, thus, contributing to sustainable evolution of the society. 
TECHNICAL PROGRAM COMMITTEE AND EXPERT REVIEW GROUPS
The Technical Programme Committee (TPC) is responsible for the content and organisation of the technical programme.
Over 1,000 abstracts were received and the initial task of evaluating these fell to the Expert Reviewers. These consisted of 128 internationally recognised experts from 19 countries with each abstract being reviewed by at least two experts.
A Technical Advisory Group (TAG) of subject specialists held evaluate reviews on their subject area and made recommendations for the selection of papers. Based on the reviews and recommendations, the TPC made their final decisions on the selection of papers, and organised them into the programme presented here. The TPC members are pictured to the right. 
GENERAL INFORMATION
GHGT-13 TWITTER HASHTAG
Please use #GHGT13 in your tweets, so all tweets can be quickly found and read. We may even use some of these in the Conference Summary Brochure.
Introduction of presentations will be kept briefjust name of presenter and his or her affiliation.
Each speaker is allocated 15 minutes for presentation and 5 minutes for Q&A. We will have timers in each room.
If a presenter does not show up, please ensure the other presentations run at their allotted time.
You may conclude the session with a short summary, main conclusion, or general comment.
With your co-chair, please make sure you complete the session chair report (one report per session) and hand it to the room monitor. The session chair reports will be printed and available in each room at the Austin Convention Center. The Garden Level will be open at all times during the conference. You will be provided with mounting fixings which will be available in the poster session area.
For confirmation of board numbers, please see poster board allocations in the poster session details on pages 44-76. Posters will remain in situ for the duration of the conference and can be removed during lunchtime on Friday 18 th . Any posters left at the end of the conference will be discarded.
GREENMAN AWARD, 2016
The GHGT conference series has a tradition of presenting an award to an individual whose vital contributions towards progressing the CCS technologies, and enhancing our understanding of the process of mitigating greenhouse gas emissions, is recognised.
The Greenman Award recipient has been identified and will receive the award during the conference. Meyer Steinberg; 1996 Wim Turkenburg; 1996 Yoichi Kaya; 1996 Olav Kårstad; 2006 William D. Gunter; 2008 Howard Herzog; 2010 Peter Cook; 2010 Sally Benson; 2012 Hallvard Svendsen, 2014 
Former recipients of this prestigious award:
REGISTRATION & WELCOME RECEPTION
The Registration & Welcome Reception will be open from 18.00 to 22.00 at the Olympic Museum, Quai d'Ouchy 1, 1006 Lausanne, Switzerland. Any delegate who is unable to attend the reception can obtain their badge and delegate pack during any conference morning at the Swiss Tech Convention Centre.
The Welcome Reception gives delegates the chance to listen to a few select speakers welcoming you to the conference and to Lausanne, Switzerland. Delegates will also have the opportunity to network with other attendees, connect with old friends and colleagues and forge new relationships for the future. Light refreshments will be served and the opportunity to tour the Olympic Museum will be offered during the reception.
Timings for the Evening: 18.00 -20.00 Tour of the Museum 20.00 -22.00 Cocktail Welcome Reception 18.00 -21.00 Museum Shop Opening Times
The GHGT-13 conference committee has organised a two part social programme for the conference, commencing with a Welcome Reception at the Olympic Museum in Lausanne and concluding with the Conference Dinner at the Swiss Tech Convention Centre.
INFORMATION FOR SPEAKERS IN AN ORAL SESSION
Please make sure you arrive at your designated session room with plenty of time to spare to ensure you are familiar with the presentations and AV equipment in the room, and make your presence known to the session chairs. All presentations must be submitted to the Speaker Room (Room 5A) 24 hours before you are due to present -late changes will not be accepted. The conference laptops will be running Microsoft Office 2016; please ensure your presentation is saved in a compatible format.
Each presentation is allocated 15 minutes and an additional 5 minutes for subsequent questions. The session chairs will notify you of how your allocated time is progressing.
TRAVEL BETWEEN HOTELS/CONFERENCE CENTRE/WELCOME RECEPTION
The Lausanne Transport Card gives any guest staying in Lausanne and paying the overnight "taxe de séjour" free and unrestricted access to all public transport services in the city (bus, train, metro) . This personalized card is given to each visitor by the hotel or guest house on arrival at their place of accommodation. It is valid for the duration of the reservation, including the arrival and departure days (maximum 15 days). Please see Transport Map on p79 for more information.
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GHGT-13 www.ghgt.info 13 With the Paris Agreement now close to ratification we are committing ourselves to achieving to temperature target of below 2 0 C. We know that getting to 2 0 C represented a significant mitigation challenge but going below that temperature target increases the mitigation challenge immensely. CCS has been identified as a key mitigation technology option by the UNFCCC. The IPCC 5 th Assessment report showed us that the least cost mitigation portfolio needs to include CCS and that most assessment models suggested 2 0 C could not be met without CCS. We can therefore strongly assume that CCS will be more important in a below 2 0 C world that that negative emission technology like BIOCCS will also be critical post 2030 should we not meet stringent early emission reduction targets. CCS has not been deployed as quickly as we would have liked to date and we need to increase the momentum on CCS demonstration and deployment. The aim of this session is to look at initiatives that are underway but also ask the critical questions; are we doing enough and what more needs to be done?
Session Chair:
John Gale, IEAGHG
Panelists:
Jean-François Gagné, Head of Energy Technology Policy Division, IEA, will speak to the question "Has Policy failed CCS to date and what more work in this area is needed?" Graeme Sweeney, Chairman, ZEP, will speak to the question: "CCS has not taken off in Europe what new efforts/initiatives are needed?" Tim Bertels, Head of CCS, Shell, will speak to the question: "What more can the oil and gas industry do to stimulate the deployment of CCS?" Jarad Daniels, Director, Office of Strategic Planning, USDOE will speak to the question: "How can technology Innovation (Mission Innovation) contribute to the deployment of CCS?" There will be an interactive element to this session with the audience invited to comment and contribute to the discussion.
CLOSING SESSION
Friday 18
th November, This session will be chaired by Mr. John Gale and Prof. Kelly Thambimuthu, representing the Guardians of the GHGT conference series, IEAGHG.
The closing session of a GHGT conference typically consists of notes of thanks being presented and a simple conclusion of key point and themes that have emerged over the past few days' technical presentations.
Reflections on advances and developments will be highlighted and the conference formally drawn to a close.
With the conference closed the announcement of the hosts and location for GHGT-14 (in 2018) will be made. Bravo Dome, New Mexico: Natural gas, stable isotope, and noble gas isotope analyses, and evidence of leakage from the western edge of the field Sean Brennan*, U.S. Geological Survey Experimental and numerical study on gaseous CO 2 leakage through shallow-depth layered porous medium: implication for leakage detection monitoring Seung-wook Ha*, Won-Tak Joun, So-yoon Lee, Kang-Kun Lee, Seoul National University 
SOCIAL EVENT
3C PANEL DISCUSSION
Creating value for CCS in future energy systems Energy systems models that deploy CCS typically do so in order to minimize the total cost of meeting energy demands, subject to exogenous emissions constraints or rising carbon prices. Perhaps taking a que from these models, many in the CCS community have expected that carbon pricing will be the principle driver of CCS deployment. In reality, however, governments have implemented by a range of overlapping mechanisms that don't always include carbon pricing carbon pricing and, where carbon pricing exists, prices have been highly variable. At the same time, the markets in which CCS may be used are dynamic and the prices of alternative abatement options are changing rapidly. In this session, panelists will explore the impacts of government policies and shifting markets on the potential for CCS deployment, metrics that can be used to measure the value of CCS in different applications, and future directions for technology innovation to better position CCS in these markets. This session will highlight efforts of several companies to test 2nd generation carbon capture technologies at the large pilot scale as well as the advanced computing efforts to enable rapid scaling of these technologies to the commercial scale. Reducing the cost of carbon capture is a critical step to enabling wide scale deployment of CCS. Several countries and industrial partners have been supporting the development of second generation carbon capture technologies that can significantly reduce the capital and/or operating costs. Coupling these efforts with recent advances in system modelling and super computing resources is speeding the rate at which these systems can go from 1st-of-a-kind to nth-of-a-kind by optimizing the system integration with the new and existing power plants. These technologies will be available for commercial demonstration before 2020. This panel discussion will address the potential of advanced technologies to reduce significantly the cost of mature CO2 capture technologies for combustion of coal and natural gas. Amine scrubbing will be taken as a benchmark for comparisons. This is of special interest for policy makers who must allocate research resources between advanced technologies that promise breakthrough and intensification research to enhance the utility and reduce the cost of amine scrubbing. Amine scrubbing is approaching its thermodynamic limits in reducing energy use, but has potential for reduced capital cost and still needs to fully resolve challenges on environmental impact.
Advanced technologies claim to further reduce energy use and offer unknown opportunities to reduce capital cost and present unknown challenges with regards to impurities and environmental impact Weyburn oilfield core assessment investigating cores from pre and post CO 2 injection; determining the impact of CO 2 on the reservoir Gavin Jensen*, Saskatchewan Ministry of the Economy In this section we will debate the factors defining storage project performance in terms of the amount of unmeasured leakage out of the storage complex that is acceptable over the long term. This metric is rarely rationally discussed, however the definition of de minimus loss is critical in selecting, operating, monitoring, and closing a storage complex. A common public, policy, and regulatory expectation of a very high standard of storage performance (indicated by terms such as "no" leakage, "stabilized", "no migration") is in tension with technical limits on detecting small volume and slow leakage. These issues are especially significant with regard to monitoring to achieve closure. The panellists will bring expertise in policy, public acceptance, and monitoring and risk assessment to the discussion which it is hoped will lead to vigorous delegate discussion. Over the past few years there has been a renewed interest to promote research and development in the utilization of carbon dioxide as a climate change mitigation technology, by manufacturing value added products such as fuels, polymers and a wide variety of chemicals from CO 2 and renewable energy. In many utilization schemes, the CO 2 is assumed to come from the CO 2 capture plan of a CCS system. This panel discussion will assess opportunities, benefits and challenges of this approach of CO 2 management. Considerations such as lifecycle CO 2 emissions, net energetics and competitiveness with alternative energy storage approaches will be presented. Synergies with existing capture technologies and CO 2 storage technologies will also be explored. Modelling solid-liquid equilibrium of the NH 3 -CO 2 -SO 2 -K 2 SO 4 -H 2 O system and its application to combined capture of CO 2 and SO 2 using aqueous ammonia Guojie Qi*, Shujuan Wang, Tsinghua University A new CO 2 absorbent developed from addressing benzylamine vapour pressure using co-solvents Graeme Puxty*, WIll Conway, Paul Feron, CSIRO Energy; Henk Botma, Rijksuniversiteit Groningen 
Moderators
Building confidence in CO
POSTER FLOORPLAN POSTER FLOORPLAN
The Poster Sessions will be held on the Garden Level of the Swiss Tech Convention Centre, as indicated on the floorplan below. Staff will be on hand during Tuesday 15th to assist with locating poster boards and will provide hanging materials. 
POSTER SESSION DETAILS POSTER SESSION DETAILS
ALTERNATIVE GAS SEPARATION PRINCIPLES
----------------------------------------------------------------------------------- 1 | CERAMIC AND METALLIC MEMBRANE SYSTEMS ---------------------------------------------------------------------------------------------------------------------------------------------------------------------- Evaluation of (MnxFe1-x)2TiyOz----------------------------------------------------------------------------------- 9 |
Advances in Capture Technology
Discussion on results from mini-pilot testing of the ammonia based mixed-salt technology for CO 2 capture from post-combustion related applications Indira Jayaweeera*, Palitha Jayaweera, Regina 
POSTCOMBUSTION WITH SOLVENTS: PROCESS MODELLING
A comparison of Raman and IR spectroscopies for the monitoring and evaluation of absorbent composition during CO 2 absorption processes Graeme Puxty*, Robert Bennett, Will Conway, Dan Maher, CSIRO Energy An innovative approach for carbon capture & sequestration on a thermal power plant through conversion to multi-purpose fuels -a feasibility study in Indian context Vinod Krishna Sethi*, RKDF University; Savati Vyas, RGPV Experimental studies on spray absorption with the post combustion CO 2 capture pilot-plant CASPAR Simone Zimmermann*, Marc-Oliver Schmid, Barbara Klein, Günter Scheffknecht, Institute of Combustion and Power Plant Technology -University of Stuttgart CO 2 absorption efficiency and heat consumption measured at high gas to liquid ratios in laboratory rig Lars Erik Øi* 
PRECOMBUSTION: PILOT TESTING & OPERATION
Total integrated operation of gasifer, hot gas desulfuriser, and SEWGS process for pre-combustion CO 2 capture using real syngas from coal Ho-Jung Ryu*, Dong-Ho Lee, Dal-Hee Bae, Jong-Ho Moon, Sung-Ho Jo, Gyoung- Tae 
RISK ASSESSMENT AND MANAGEMENT
--------------------------------------------------------------------------------
REMEDIATION AND CONTINGENCY PLANNING
SITE CHARACTERISATION AND SELECTION
STORAGE CAPACITIES ----------------------------------------------------------------------------------
STORAGE RESERVOIR ENGINEERING -----------------------------------------------------------------------------------
